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CHEMICAL OR BIOL OGICAL ANALYSIS__PLATFORM WITH MICRO- 

HE 



PLATFORM 



TECHNICAL FIELD 

This invention relates to a chemical or biological 
analysis platform. 

This type of platform is usually referred to as 
detection chips or biochips depending on the 
application field. 

It comprises several sites, for example in the 
form of micro-dishes. The same or different reagents 
are placed on each site, that may react selectively 
with one or several components of a medium to be 
analysed, called the analyte. 

In this presentation, the terms reagent and 
reaction should be understood in a very broad sense 
encompassing chemical reactions in the normal sense of 
the term and also complexing or hybridising phenomena 
that more specifically concern the biological material, 
for example such as DNA strands. 

The invention also relates to an analysis process 
and a device for reading analysis platform sites. 

Reading may consist of a simple determination for 
each site, regardless of whether or not a reaction took 
place. It may also include quantification of the 
reactions that took place. 

The invention is used for applications in the 
chemical and biological analysis fields, and 
particularly for DNA sequencing. 
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STATE OF PRIOR ART 

One particular example of an analysis that can be 
carried out using analysis platforms is sequencing of 
DNA, as mentioned above. 
5 Analysis platforms, or biochips, comprise a large 

number of sites on which DNA strands called probes are 
initially grafted. A different probe is grafted onto 
each site and forms the "reagent". 

When this type of platform is put into contact 
10 with a medium to be analysed that also contains DNA 
strands, hybridising may take place between the strands 
present in the medium and the probes that are matched 
with them. Therefore, selective hybridising occurs. 

After this operation, the examination of sites 
15 determines which sites reacted, in other words sites 
for which hybridising took place on the probes, so that 
the composition of the analysed medium, or all or some 
of the constituents of the analysed medium, can 
be known. 

20 Different techniques for identifying sites that 

reacted are known. 

A first technique consists of detecting 
fluorescence of a marker attached to the DNA sample to 
be analysed. 

25 Another technique consists of detecting electric 

charges carried by the phosphated skeleton of DNA 
molecules using a field effect transistor. 

These techniques are useful but require 
preparation of molecules to confer the electrical or 

30 emissive property used for their recognition, to them. 
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Another technique is known in which the DNA probes 
are fixed onto a quartz plate that is made to vibrate. 

When the probe is hybridised, its mass increases 
and the resonant frequency of the quartz plate reduces. 
5 This phenomenon is used to detect hybridising. 

However, to achieve a good result, the surface of 
the quartz plate must be of the order of a few square 
millimetres. An area of about this magnitude is not 
compatible with constraints for integration of an ever- 
10 increasing number of sites. 

The increase in the number of sites on chips is 
usually accompanied by a reduction in their size, so as 
to limit the total surface area of the chip. 

Yet another technique is known for reading sites 
15 without making use of markers. This technique uses an 
atomic force microscope (AFM) to "map the surface" of 
the chip. The extreme precision of this type of 
instrument is sufficient to detect hybridising 
directly. The principle of the AFM is based on 
20 deformation of a micro-structural beam that is brought 
towards the surface of the chip, the deformation caused 
by interactions between a point at the end of the 
structural beam and the scanned area is simply measured 
by a laser beam reflected by this structural beam. 
25 With a 10 cm lever arm, deformation of the order 

of one nanometer deflects the laser beam by several 
microns, which can easily be demonstrated by a network 
of photo detectors. 

However, there are several limitations to atomic 
30 force microscopy. Firstly, it is preferably applied in 
a clean room, and a significant time is necessary to 
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analyse a site of a biochip. Therefore, it is 
inconceivable to use an AFM microscope to measure 
hundreds of sites in parallel. Finally, its cost is 
far too high to envisage using it at the moment to 
5 simply read chips. 

A more detailed description of AFM microscopes and 
associated techniques is given in documents 1, 2, 3, 4, 
5, 6, 7, the references of which are given at the end 
of this description. 

10 

DISCLOSURE OF THE INVENTION 

The purpose of this invention is to propose an 

analysis platform and a read device that does not have 

the limitations mentioned above. 
15 In particular, one purpose is to propose an 

analysis platform and an analysis method to detect 

reactions or hybridising that take place without making 

use of fluorescent markers and without any advance 

preparation of products to be analysed. 
20 Another purpose is to enable quantification of 

reactions that took place. 

Another purpose is to propose an analysis platform 

with miniaturized sites that may contain a large number 

of such sites. 

25 Another purpose of the invention is to propose an 

analysis method that may be used without requiring a 
clean room, and that does not disturb the analysed 
site . 

Finally, another purpose of the invention is to 
30 propose a simple, reliable and economic platform and a 
read device. 
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More precisely, in order to achieve these 
purposes, the purpose of the invention is a biological 
or chemical analysis platform comprising a fixed 
support and at least one first mobile support that may 
5 be coated with a reagent, the mobile support being 
connected to the fixed support by first flexible 
support means that may be deflected in response to a 
change in the weight supported by the first mobile 
support, caused by a reaction of the said reagent. 
10 Each mobile support or at least part of these 

supports may form an analysis site like that mentioned 
above, being coated with a chemical or biological 
reagent. The mobile supports of a particular platform 
may be coated with different or identical reagents. 
15 The weight supported by the mobile support 

concerned is modified during a chemical or biological 
reaction, for example when hybridising a DNA strand 
with a DNA probe. 

In particular, this weight is increased during 
20 hybridising. 

The weight may also increase or reduce as a result 
of a modification in the molecular weights of the 
reagent, when it reacts chemically. 

Since the mobile support is held in place by 
25 flexible means, in other words means with a certain 
stiffness, the modification to the weight supported by 
the mobile support results in a greater or lesser 
deflection of these means. 

The flexible support means comprise at least one 
30 flexible structural beam with a first end fixed to the 
mobile support and the second end fixed to the fixed 
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support. Note that in a simplified embodiment, the 
mobile support may be formed by a portion of the 
flexible structural beam, preferably close to the 
mobile end of the structural beam. 
5 The beam is a folded beam, for example in spiral 

form. The fact that the beam is folded into a spiral 
increases its length and therefore the sensitivity of 
the device. 

More precisely, the invention can be used to 

10 measure the displacement amplitude of the mobile 
support due to the use of support means with a geometry 
providing high sensitivity defined as the ratio between 
the weight and the displacement amplitude. As the 
ratio of the length to the cross-sectional area of the 

15 structural beam increases, its sensitivity also 
increases. Thus, to make a platform with one or 
several analysis sites on a small area, the invention 
proposes to use folded beams, for example in the form 
of a square or circular spiral. 

20 For example, the fixed end of the beam may 

correspond to the external end of the spiral, while the 
free central end may support the mobile support. 

In an improved embodiment of the platform, the 
platform may comprise at least one second mobile 

25 support associated with the first mobile support, the 
second mobile support being connected to the said fixed 
support by second flexible support means, also in the 
form of a folded beam. The second mobile support is 
preferably coated with an element of the same mass of 

30 the reagent located on the first mobile support, but 
that does not react with the analyte to be tested. For 
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example, it may be the same reagent as the reagent that 
was used to coat the first support, but neutralized. 
Furthermore, the stiffness of the first and second 
support means with the associated mobile supports, may 
5 advantageously be the same. 

Preferably, the first and second mobile supports 
may be adjacent. The second mobile support is not used 
as an analysis site, but is used as a reference to make 
differential measurements. These measurements are then 
10 less affected by measurement conditions and give better 
sensitivity. 

Although it is not essential, the use of double 
mobile supports is particularly appropriate when it is 
required to quantify a reaction that took place, by 
15 measuring the difference in the weight of the reagent. 

For example, this is useful for determining the 
length and/or number of hybridised DNA strands. 

In a simpler analysis, such as an On/Off type 
analysis, it may be preferable to use a simpler device 
20 with a lower measurement precision. 

In one particular embodiment, the platform may 
comprise a first flexible structural beam to support 
the first mobile support, and a second flexible beam to 
support the second mobile support, the first and second 
25 beams having adjacent parallel segments. 

Due to the adjacent parallel segments, the 
flexible beams in each pair of mobile supports are 
subjected to approximately the same outside measurement 
conditions and a large gain in the size can be 
30 obtained. 
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As will become clearer in the rest of the 
description, the deflection, in other words the 
displacement of mobile supports, may be measured by the 
reflection of a laser beam. 
5 This can be done by providing the mobile support 

or a part fixed to the mobile support with a surface 
that will reflect a laser beam. 

The invention is also applicable to a device for 
reading an analysis platform like that described. The 

10 device comprises a light source capable of producing a 
reading light beam, means of transferring the beam to 
at least one mobile support, and means of receiving a 
beam reflected away from the mobile support and 
detecting displacements of the said reflected beam, 

15 The means of reception of the reflected beam and 

the means of detecting its displacements may comprise 
several photo detectors. When the photo detectors are 
scanned by the reflected beam, the displacement 
amplitude of the beam is determined, for example as a 

20 function of the number of scanned 'photo detectors. 

Since the displacement amplitude of the beam is 
related to the displacement of the mobile support or to 
the deflection of the flexible means of holding the 
mobile support, this value can be calculated. 

25 The value corresponding to the displacement of the 

mobile support is an output value from the device that 
can be displayed or recorded for subsequent data 
processing . 

The device may also comprise means of relative 
30 displacement of the read beam and the platform to scan 
several mobile supports on the platform with the beam. 
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These means can be used to explore several sites 
in sequence, in other words several mobile supports. 
For example, they comprise a rotating plate or a 
translation table to move the analysis platform in 
5 front of a read light source. 

The read light source and the means of reception 
of the reflected beam may also be designed to move. 

Finally, several read light sources associated 
with several reflected beam reception means may be 
10 provided to read several sites at the same time. 

The invention also relates to a biological or 
chemical analysis process using an analysis platform 
and possibly a read device like that described. 

According to this process: 
15 - at least one mobile support is coated with a 

reagent, the weight of which may be modified during a 
chemical or biological reaction, 

- the support is put into contact with a medium to 
be analysed that may contain compounds that could react 

20 with the said reagent to modify its weight, 

- any displacement of the mobile support is 
detected by means of a light beam directed towards and 
reflected away from the mobile support. 

The mobile support displacement may be detected 
25 either by a simple On/Off type detection, in other 
words a detection to determine whether or not the 
mobile support moved. 

The purpose of detection may also be to measure 
the displacement amplitude of the mobile support, so 
30 that the change in weight of the mobile structure can 
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be calculated, knowing the stiffness of the flexible 
support means in the mobile support. 

Detection, in other words the measurement of the 
displacement amplitude of the mobile support, may be an 
5 absolute measurement or a relative measurement relative 
to a second mobile support that is almost identical 
except that it is neutral, as mentioned above. 

Finally, another purpose of the invention is a 
process for making an analysis platform like that 
10 described. According to this process: 

- an etching mask is formed on a substrate with a 
sacrificial layer placed between a thin surface layer 
and a base layer, the etching mask having a pattern 
that defines the location and dimensions of the mobile 

15 support and the flexible support means, 

- the thin surface layer is formed by etching, 
using the mask pattern, 

- the sacrificial layer is selectively eliminated 
to release the mobile support and the associated 

2 0 support means. 

The etching applied firstly to form the thin 
surface layer and secondly for local elimination of 
this sacrificial layer are preferably selective 
etchings that attack the material in the thin surface 

25 layer or in the buried surface layer in preference. 

For example, the substrate used is a silicon on 
insulator (SOI) type substrate in which the base layer 
and the thin surface layer are made of silicon and in 
which the buried layer is made of silicon oxide. 

30 Other characteristics and advantages of this 

invention will become clearer from the following 
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description made with reference to the figures in the 
attached drawings. 

This description is given purely for illustrative 
purposes and is non-limitative. 

5 

BRIEF DESCRIPTION OF THE FIGURES 

- Figure 1 shows a diagrammatic and simplified 
representation of part of an analysis platform and a 
read device according to the invention. 

10 - Figure 2 shows another simplified scheme 

illustrating the principle used to read the platform. 

- Figure 3 is a graph showing a deflection 
amplitude of mobile supports of the different platforms 
as a function of a change in the weight supported by 

15 the mobile supports of these platforms. 

- Figures 4 to 8 are diagrammatic sections of a 
substrate illustrating the successive steps of 
manufacturing an analysis platform according to the 
invention . 

20 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

The following description is specifically 

applicable to a particular analysis site of a platform. 

However, note that the same platform may include many 
25 such sites. 

For example, the same platform may comprise up to 

1000 analysis sites. 

In figure 1, reference 102 shows a particular site 

of a platform 100 equipped with several sites. 
30 Each site comprises two associated mobile supports 

104a, 104b. 
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The first mobile support 104a is equipped with one 
or several DNA strands 106a grafted onto its surface 
and that can be selectively hybridised with matched 
strands placed in a solution or a medium to be 
5 analysed. 

The second mobile support 104b is associated with 
the first support, and is located close to it and is 
equipped with identical but neutralized, in other words 
non hybridised, DNA strands 106b, or a molecule with 

10 the same weight. It may also have no reagent. 
Although they are close together, the two mobile 
supports are independent of each other. The second 
mobile support is used as a "reference" since it 
carries a neutralized probe. Reading after hybridising 

15 is a differential read between the deflection of the 
beam 108a supporting the first mobile support and 
deflection of a beam 108b supporting the second 
mobile support. 

Each mobile support is connected to a fixed 

20 support 110 through a flexible beam 108a, 108b 
respectively. The fixed support 110 may for example 
be a rigid platform frame extending between the sites, 
or at the periphery of the sites 100. 

The figure shows that the mobile supports 104a, 

25 104b are formed simply by the free ends of the flexible 
beams 108a, 108b. Consequently, the free ends of the 
beams are widened. 

The flexible beams are folded according to a 
square spiral pattern. They have one fixed end fixed 

30 to the fixed support 110 and a mobile end fixed to the 
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mobile support associated with or directly forming the 
mobile support. 

On the example in the figure, the flexible beams 
108a, 108b on each site extend concentrically to make 
5 up parallel and adjacent straight line segments. 

The length of the longest external segments may be 
of the order of 100 to 150 pm, which is approximately 
the dimension of the side of one site 102. 

The beams that are only held by their fixed end 
10 may deflect in response to a change in the weight 
supported by the corresponding mobile supports. 

Therefore the deflection and consequently the 
displacement of the supports takes place in preference 
along a Z direction shown in the figure that is 
15 perpendicular to the main plane of the platform. 

The maximum measurement sensitivity is obtained 
when the Z direction is approximately parallel to the 
earth's gravitation field, which is the natural 
situation if the platform is placed on a horizontal 
20 work plane. 

The deflection amplitude in response to a given 
weight change depends on many parameters. Among these 
are the length and shape of the beams 108a, 108b, and 
their thickness, width and material used. These 
25 parameters may be adjusted to obtain a required 
stiffness constant. 

Examples of possible choices for parameters are 
indicated in the rest of the description with relation 
to figure 4. 
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Note that several forms of flexible beams may be 
envisaged. Furthermore, other embodiments of flexible 
support means for the mobile support may be envisaged. 

Reference 120 denotes a read light source. For 
5 example, it may be a laser emitting one or several 
parallel beams 122. 

The laser beam is directed to the mobile supports 
from which it is reflected. The reflection may take 
place on mobile supports, at one end of the flexible 
10 beams or possibly on reflecting surfaces fixed to the 
mobile supports. 

The reflected beam(s) 124a, 124b are directed 
towards a set of photoelectric detectors 126 capable of 
detecting a displacement of beams and possibly 
15 measuring the amplitude of the displacements. 

The photo detectors are connected to recording and 
operating means, for example in the form of a 
computer 128. 

In the example shown in the figure, two beams 124a 
20 and 124b are reflected away from two mobile supports 
104a and 104b. 

The reception of the two beams on the 
photoelectric detectors can be used either to make 
independent measurements or to make a differential 
25 measurement. 

In the example shown, the platform 100 is placed 
on a translation table 103 that moves the platform 100 
along either of the X or Y directions perpendicular to 
the Z direction already mentioned. 
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The platform is displaced so as to scan several 
sites with the same light source for successive 
measurements . 

The light source 120 and the photoelectric 
5 detectors 126 may also be designed so that they can be 
moved if necessary. 

Figure 2 diagrammatically shows how the deflection 
of the flexible support means results in a displacement 
of the reflected beam. 
10 In figure 2, identical elements and elements 

similar to those in figure 1 have the same references 
plus 100. 

Figure 2 shows a mobile support 204 held in place 
by a flexible beam 208 with length L, the length L 

15 being measured from a fixed point to the centre of 
gravity of the mobile support. (The beam in figure 2 
is a straight beam, for simplification reasons) . The 
support is shown as a solid line in its rest position 
and in a position in which the beam is deflected. This 

20 second position called the "deflected position" is 
shown as a discontinuous line. 

In the rest position of the mobile support 204, a 
laser beam 222 originating from a source 220 is 
reflected forming a reflected ray 224r. 

25 The reflected ray 224r, in the rest position, is 

incident to a set of detectors 226 at a first 
position 227r. 

In the deflected position of the mobile support 
204, a reflected ray 224d is incident to the detectors 

30 in a second position 227d offset from the first. 
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For a given beam length L, a deflection angle a 
results in a displacement D of the reflected beam 
between the first and second positions 227r, 227d on 
the detectors 226, 
5 The figure also shows the deflection d between the 

two positions of the mobile support 2°4. 

In the example in the figure for a beam 240 with a 
length of 100 nm, with a mobile support for which the 
half-length 1 is 40 pm, a deflection d equal to 1 nm 
10 results in a 2 . 5 pm displacement D of the beam on the 
detectors . 

Figure 3 is a logarithmic graph that shows the 
deflection of a beam at its end as the ordinate, as a 
function of the variation in weight supported by the 
15 mobile support. 

The deflection corresponding to the deflection d 
in figure 2 is indicated as the ordinate and is 
expressed in nanometers. 

The variation in the weight (mass) is shown as the 
20 abscissa and is expressed in nanograms. 

Curves Ci, C2 and C3 on the graph are produced with 
a device according to figure 1, in which the longest 
external straight line segment of the spiral folded 
beam is 150 ]xm, and in which the segments are at a 
25 spacing of 5 pm. 

For curve Ci, the width of the beam is 5 pm and 
its thickness is 1 ]am. 

For curve C2, the width of the beam is 5 pm and 
its thickness is 3 pm. 
30 For curve C3, the width of the beam is 5 pm and 

its thickness is 5 pm. 
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A linearity can be seen between the variation of 
the weight and the deflection. The straight line 
curves Ci, C2, C3 have a slope that characterizes the 
stiffness of the flexible support means (beam) . The 
5 variation of the weight as a function of the amplitude 
of the recorded deflection is determined, knowing the 
stiffness curve (straight line) of the graph. 

The stiffness of the flexible means is preferably- 
adjusted such that most of the part of the 

10 characteristic curve corresponding to the envisaged 
weight variation range is located above a line denoted 
I. Line I corresponds to deflections for which the 
amplitude is equal to or greater than 1 nm. These 
deflections are more easily detectable. 

15 Figures 4 to 8 described below indicate the steps 

in a process for manufacturing a platform according to 
the invention. 

For simplification reasons, only part of a 
platform consisting of a single analysis site is shown. 

20 Figure 4 shows an initial substrate 10 comprising 

a thick base layer 12 acting as a support, an 
intermediate sacrificial layer 14 and a thin surface 
layer 16. 

For example, the substrate may be an SOI (Silicon 
25 On Insulator) type substrate in which the base layer 
and the surface layer are made of silicon and in which 
the intermediate layer is made of silicon oxide. 

The surface layer 16 is used to make a flexible 
beam that is terminated by a mobile support like that 
30 described previously. 
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The thickness of the thin surface layer 16 can be 
modified, to adjust the stiffness of the beam. 

Consequently, the thickness of the surface layer 
16 can be precisely adjusted by silicon epitaxy. 

Figure 5 shows the formation of a mask 18 on the 
surface layer 16. The mask has a pattern corresponding 
to the shape and location of the flexible beam and the 
mobile supports to be made. 

The mask itself is shaped by insolation and is 
developed using the usual micro-electronic techniques. 

A first selective etching of silicon then takes 
place to eliminate the part of the thin silicon layer 
not protected by the mask. The structure obtained in 
figure 6 is thus obtained. 

For example the first etching is of the dry type 
using "Reactive Ion Etching", for example in SFe 
or BCl3. 

This etching is selective with respect to silicon 
oxide such that it is stopped by the buried sacrificial 
layer 14. Consequently the base layer 12 is protected. 

Figure 7 shows the structure obtained after 
eliminating mask 18. This figure shows two segments 20 
of the flexible beam seen in section and part of the 
fixed support 22. 

A second selective chemical (FH) etching of the 
sacrificial silicon oxide layer can eliminate this 
layer under the mobile parts, in other words in 
particular under the segments 20 of the flexible beam. 

Figure 8 shows that the second etching also 
eliminates part of the sacrificial layer corresponding 
to the fixed support, in other words particularly at 
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the fixed end of the beam. However in these regions, 
the sacrificial layer is not completely eliminated such 
that the fixed support 22 and in particular the fixed 
end of the beam remain firmly fixed to the base 
layer 12. 
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CLAIMS 

1. Biological or chemical analysis platform (10, 
102) comprising at least one fixed support (12, 22, 
110) and at least one first mobile support (104a, 204) 
that may be coated with reagent, the mobile support 

5 being connected to the fixed support by first flexible 
support means (20, 108a, 208) that may be deflected in 
response to a change in weight supported by the first 
mobile support, the flexible support means comprising 
at least one folded flexible beam with at least one end 
10 fixed to the mobile support and a second end fixed to 
the fixed support. 

2. Platform according to claim 1, in which the 
first mobile support (104a) is coated with a chemical 

15 reagent or a biological reagent. 

3. Platform according to claim 2, comprising at 
least one second mobile support (104b) associated with 
the first mobile support (104a) , the second mobile 

20 support being connected to the said fixed support (110) 
by second flexible support means (108b) and being 
coated with a non-reactive material so as to have a 
mass equal to the mass of the first support coated with 
reagent . 

25 

4. Platform according to claim 1, in which part of 
the structural beam close to its first end forms the 
mobile support. 
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5. Platform according to claim 3, comprising a 
first flexible support beam (108a) for the first mobile 
support (104a) and a second flexible support beam 
(108b) for the second mobile support (104b), the first 

5 and second beams having adjacent parallel segments. 

6. Platform according to claim 5, in which the 
first and second supports are approximately identical 
and in which the first and second beams have 

10 approximately the same stiffness coefficients. 

7. Platform according to claim 1, in which the 
beam has a spiral shape and the mobile support is 
formed approximately at the centre of the spiral. 

15 

8. Platform according to claim 1, in which the 
mobile support or at least a fixed part to the mobile 
support has a reflecting surface for a laser beam. 

20 9. Platform according to claim 1, comprising 

several mobile supports connected to the fixed support. 

10. Device for reading a platform according to 
claim 1, comprising at least one light source (120, 
25 220) capable of producing a read light beam, means 
(126, 226) of directing the beam towards at least one 
mobile support, and means of reception of a reflected 
beam from the mobile support, and detection of 
displacements of the said reflected beam. 
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11. Device according to claim 10, in which the 
means (126, 226) of reception of the reflected beam and 
the means of detecting displacements are provided with 
several photodetectors . 

5 

12. Device according to claim 10, in which means 
of directing the beam towards at least one mobile 
support comprise means (103) for relatively displacing 
the beam and the platform to scan several mobile 

10 supports on the platform with the beam. 

13. Biological or chemical analysis process using 
one platform conform with claim 1, in which: 

- at least one mobile support is coated with a 
15 reagent, the weight of which may be modified as a 

result of a chemical or biological reaction, 

- the support is put into contact with a medium to 
be analysed that could contain compounds that could 
react with the said reagent in order to modify its 

20 weight, 

- any displacement of the mobile support is 
detected by means of a light beam directed towards and 
reflected away from the mobile support. 

25 14. Process for manufacturing an analysis platform 

according to claim 1, in which: 

- an etching mask (18) is formed on a substrate 
(10) with a sacrificial layer (14) arranged between a 
thin surface layer (16) and a base layer (12), the 

30 etching mask having a pattern that defines the location 
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and dimensions of the mobile support and the flexible 
support means, 

- the thin surface layer is shaped by etching 
according to the pattern of the mask, 
5 - the sacrificial layer is selectively eliminated 

to release the mobile support and the associated 
support means. 

15. Process according to claim 14, in which the 
10 substrate is of the silicon on insulator (SOI) type in 
which the base layer and the thin surface layer are 
made of silicon and in which the buried layer is made 
of silicon oxide. 
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